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machine vision system is to understand a given image data, 
extract relevant information and analyze the data according 



Abstract — Identification of suitable or optimum operating 
parameters on a CNC machine is a non-trivial task. Especially 
when the material of the component changes, operating 
parameters need to be suitably varied. In this paper, a PC- 
based vision system is presented for the automatic identification 
of component material and appropriate selection of operating 
parameters. The objective of this work is to develop a support 
system to aid the operator in quick identification of machining 
parameters 

Index Terms — Material identification, vision system, operating 
parameters 



I. INTRODUCTION 

Rapid increase in consumer demands has led to the drive 
for fulfillment of the requirements in terms of quality, 
quantity and cost effectiveness. Current manufacturing trends 
demand a high degree of control over machining processes 
and the need for an adaptive system. In this era where 
computers have swept into all sectors, manufacturing sector 
is turning out to be no exception. Advancements in computer 
technology have led to the transformation of antiquated 
manufacturing system into a more computer based 
manufacturing (CBM) system. Computers are not only being 
used to aid manufacturing by minimizing manual drafting 
or programming work as in computer aided design and 
manufacturing (CAD/CAM) systems but they are also being 
increasingly used to process and directly control machines 
and manufacturing systems [ 1 ] . Therefore, there is a pressing 
need of an automated system with enhanced decision making 
capability that could adapt itself to the production changes 
as and when required. This paper is an attempt to show how 
the mounting of a vision system in a computer numerically 
controlled (CNC) machine could enhance the decision 
making capability of the individual machine and at the same 
time help increase automated control over the manufacturing 
line. A PC -based vision system to identify the material and 
assist the operator in quickly arriving at the machining 
parameters is presented in this paper. 

II. REVIEW OF PREVIOUS WORK 

Visions systems are majorly used in the fields of visual 
inspection, process control, part handling and automated 
assembling in any industry. Extensive research has been 
carried out in the incorporation of such systems towards 
detection of tool condition on the machine and the inspection 
of the quality of the finished component. The goal of any 
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to a set of predefined criteria. Emphasis has always been 
laid on the key ways by which the manufacturing sector could 
be made unmanned. The use of such vision systems decreases 
dependence on human intervention in the execution of 
routine tasks such as inspection and thereby increasing the 
reliability of the process. Contact probes, bar coding or radio 
frequency signals which were earlier used for part recognition 
are now being replaced by vision systems. Vision systems 
have been deployed in the automatic assembly of car tyres 
wherein the hub position of the wheel transported by a 
hanging conveyor is to be placed in location for wheel 
assembly [2]. Identification of rear axles for spray painting 
by robots where positioning of spray gun in the right position 
is a major area of concern. Vision systems are also used in 
inspection of safety components, tablets, sheet glass, printed 
circuits, screws, cables sealing rings etc. [2]. Tool breakage 
is a major cause of unscheduled stoppage in a machining 
environment and is costly both in terms of time loss and 
capital[3,4]. Tool condition monitoring is thus another major 
area for the popular use of machine vision systems. CCD 
cameras along with grabber cards are used to capture images 
of the tool and analyze the condition of the tool based on the 
grey scale levels of the captured image [5,6,7,8]. Vision 
systems have been widely used in various aspects of 
manufacturing such as inspection, process control, part 
handling, automated assembly etc. However, despite 
extensive research in developing vision-based decision 
making systems, there appears to be sufficient scope for the 
real-time implementation of such systems in a machine tool 
either to automate fully the machine or to support increased 
levels of automation of the machine. The work presented in 
this paper is an attempt to develop a support system for the 
operator to arrive at the machining parameters depending 
upon the material to be machined. 

in. METHODOLOGY ADOPTED 

Building intelligence into machine tools is rapidly 
emerging as the need of the hour especially in automated 
manufacturing lines. One aspect of decision-making is to 
select appropriate operating parameters for a given 
machining operation such that the required surface finish is 
achieved or tool life optimized. Generally in metal cutting, 
operating parameters are selected depending upon the tool 
material, work piece, cutting condition etc. Selection of 
operating parameters is a non-trivial task many a time being 
carried out by the operator himself based on past experience. 
In this work, a vision-based intelligent system is developed 
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for identification of the material and selection of appropriate 
machining conditions. Three different materials have been 
selected namely Aluminium, Cast Iron and Mild Steel. The 
machine under consideration is a 3-axis CNC Vertical 
Machining Centre (VMC) with an auto-loading facility for 
the component. CNC vertical machining unit. This machine 
is built with a FANUC OiMate-MC CNC unit. A vision 
camera is mounted on the auto-loader arm. This is a 
HYTECH camera of 1.3 mega pixels placed at a distance of 
170 mm from the work piece. An ordinary filament light is 
placed at a distance of 530 mm from the work piece. The 
same lighting conditions have been maintained throughout 
the experiment. The close up of the camera and work piece 
is shown in figure 1 . The camera is connected to a laptop 
using a USB cable. 




Figure 1 . Close up view of Capturing Unit. 

IV SYSTEM OPERATION 

The objective of this work is to develop a PC -based vision 
system to assist manufacturing activities on a CNC machine 
through the development of a support system that lists the 
operating conditions to be adopted based on the material to 
be machined. The camera connected to the computer displays 
the image of the work piece. This image is captured onto the 
system and the same is read by the Matlab program from the 
path where the image is saved. The image is cropped to the 
desired size and processed further to estimate the RGB values 
of the individual pixels of the image. The average of these 
RGB values is taken and the material distinguished based 
on the range of these values. The Matlab program displays 
the feed, speed and depth of cut values for the selected 
material. 

A. Image Capturing Module 

Capturing a proper image forms an important task. The 
camera used to capture the image of the work piece is 
mounted onto the auto loading arm. The images are captured 
by a five glass lens, 1.3 mega pixel digital camera under 
white light at a distance of 170 mm from the work piece. 
After mounting the work piece on to the vice, the table is 
positioned under the camera for image capture which can be 
saved as jpg extension file at the desired location. This 
material tracking camera with an automatic whiteness 
balanced features gives an image of size 640*480 resolution. 
This captured image is further used for processing in the later 
stages. 



B. Image Processing Module 

On capturing the image, using the 1.3 mega pixel camera, 
the images are read into the Matlab program. The captured 
image consists of parts of the machine vice and the material 
which is fixed in the vice. Cropping of the image is necessary 
in order to eliminate all other details except the image of 
the material. The image is accordingly cropped to a resolution 
of 101*101 size showing only the image that needs to be 
analyzed. The cropped images are shown in the figure 2. 
Each pixel in the image is recorded as a combination of 3 
colour values namely Red (R), Green (G) and Blue (B). The 
average of the R values over the entire domain is computed. 
A similar procedure is adopted for calculating the average 
of both the G and B values over the domain. Based on the 
values of RGB obtained for aluminium, cast iron and mild 
steel, it is found that there is a significant difference among 
the values for each of these materials. For example, the R 
values for aluminium, cast iron and mild steel range in the 
order of 160 to 170, 147 to 159 and 170 to 180 respectively. 
This forms the basis for identification of the material. 

C. Operator Interface Module 

This vision based system is developed as a PC -based 
support package that automatically captures images of the 
component to be machined, identifies the material and 
displays the feed, speed and depth of cut values to the 
operator. After the execution of the image processing routine, 
a dialog box appears on the screen displaying the speed, 
feed and depth of cut values that need to be used to machine 
the component. The machine used operates with a Sandvik 
Coro Mill R245 face milling cutter of 50 mm diameter and 
inserts of grade GC 4230. For this combination, the minimum 
value of feed rate prescribed in the tool maker's catalogue is 
0.1 mm/tooth. The cutting speed(rpm) for face milling using 
carbide tools is selected as 573.24, 445.85, 382.16 while the 
feed(mm/min)as 229.36,178.34, 152.86 for mild steel, cast 
iron and aluminium respectively. Fig3 shows the operator 
interface . 
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Figure 1 . Cropped images 

The advantage of using such a system is that the operator, 
having least idea regarding the raw material that is undergo- 
ing machining and the parameters that need to be selected 
for the given raw material, can easily operate the machine. 
In addition, the system is made automated to some extent in 
order to avoid human intervention and errors resulting there 
from. Expertise in identification of suitable or optimum cut- 
ting parameters for varying metal cutting applications is very 
difficult to come by in an industry. Hence, such an auto- 
mated visual system on the machine could avoid the above 
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mentioned problems thus enhancing the efficiency of the 
machine. 




Figure 3. Operator interface 



CONCLUSIONS 



Automatic production increases the efficiency of a 
manufacturing line industries and tends to be cost effective 
in the long run. Especially in the case of a mixed model 
manufacturing line, any approach that can improve the level 
of automation of the machine tool is highly beneficial on 
account of the varying requirements of the different models 
manufactured. In order to enhance automation levels of a 
machine tool in such a manufacturing line, an intelligent 
user support system has been developed to identify the work 
piece material automatically and accordingly define the 
operating parameters. This vision system comprises of a low- 
cost camera with simple permanent filament lighting. The 
developed system automatically captures the image of the 
work piece, processes it and displays the operating 
parameters according to the material in consideration. 



Such a system enhances the decision making capability of 
the operator and also increases the accuracy of the 
manufactured product thereby facilitating greater levels of 
automation of the machine tool. 
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